
TYPE Review
PUBLISHED 15 September 2023| DOI 10.3389/froh.2023.1265817
EDITED BY

Naile Dame-Teixeira,

University of Brasilia, Brazil

REVIEWED BY

Constanza E. Fernández,

University of Talca, Chile

Florence Carrouel,

Université Claude Bernard Lyon 1, France

*CORRESPONDENCE

Rodrigo Alex Arthur

rodrigoarthur.ufrgs@gmail.com

RECEIVED 23 July 2023

ACCEPTED 23 August 2023

PUBLISHED 15 September 2023

CITATION

Silveira EG, Prato LS, Pilati SFM and Arthur RA

(2023) Comparison of oral cavity protein

abundance among caries-free and caries-

affected individuals—a systematic review and

meta-analysis.

Front. Oral. Health 4:1265817.

doi: 10.3389/froh.2023.1265817

COPYRIGHT

© 2023 Silveira, Prato, Pilati and Arthur. This is
an open-access article distributed under the
terms of the Creative Commons Attribution
License (CC BY). The use, distribution or
reproduction in other forums is permitted,
provided the original author(s) and the
copyright owner(s) are credited and that the
original publication in this journal is cited, in
accordance with accepted academic practice.
No use, distribution or reproduction is
permitted which does not comply with these
terms.
Frontiers in Oral Health
Comparison of oral cavity protein
abundance among caries-free and
caries-affected individuals—a
systematic review and
meta-analysis
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Sarah Freygang Mendes Pilati2 and Rodrigo Alex Arthur1*
1Department of Preventive and Community Dentistry, Federal University of Rio Grande do Sul,
Porto Alegre, Brazil, 2Faculty of Dentistry, University of Vale do Itajaí, Itajaí, Brazil

Objective: Some salivary proteins seem to be differently abundant among caries-
free (CF) and caries-affected (CA) individuals, but previous results are contradictory
precluding that definitive conclusion be drawn. A pooled analysis of the available
evidence may provide more robust data on identifying oral cavity protein
patterns among CF and CA individuals. This systematic review and meta-analysis
(PROSPERO CRD42021269079) aimed to compare the oral cavity protein
abundance among caries-free and caries-affected individuals.
Methods: This study was conducted following PRISMA guidelines. PubMed,
Embase, and Web of Science databases were systematically assessed (up to
February 2023) to retrieve clinical studies written in English, German, or in Latin-
based languages that compared the oral cavity protein abundance among CF
and CA individuals. Data extraction and methodological quality assessment (NIH
guidelines) were independently performed by two investigators. Qualitative
synthesis was performed from all included studies and meta-analysis was
performed using a random-effects model with inverse variance for studies that
reported the concentration of proteins or enzymatic activity. Standardized mean
difference (SMD) with respective 95% confidence interval (CI) were calculated
for each outcome.
Results: A total of 90 studies (two cohort and 88 cross-sectional designs) of more
than 6,000 participants were selected for data extraction, being the quality of
evidence graded as “fair” for most of them. The oral cavity of CF individuals
presented lower total protein concentration [SMD= 0.37 (95% CI: 0.07–0.68; 18
studies)], lower total antioxidant capacity [SMD= 1.29 (95% CI: 0.74–1.85); 17
studies], and lower carbonic anhydrase activity [SMD= 0.83 (95% CI: 0.58–1.09);
three studies], whereas CA individuals presented lower carbonic anhydrase
concentration [SMD=−0.66 (95% CI: −1.00 to −0.32); three studies], urease
[SMD=−0.95 (IC 95%: −1.72 to −0.17); four studies], and arginine deiminase
system [SMD=−2.07 (95% CI: −3.53 to −0.62); three studies] activities.
Antimicrobial peptides, secretory immunoglobulin-A concentrations and alpha-
amylase activity were similar among individuals.
Conclusion: Differences on oral cavity protein abundancewere observed among CF
and CA individuals. These data indicate some protein patterns for the oral health and
dental caries conditions. Even when statistically significant, some of the results were
not very consistent. Cohort studies need to be conducted to validate these results.
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1. Introduction

Dental caries is a plaque-mediated disease that results from a

state of dysbiosis induced by frequent exposure to rapidly

fermentable sugars (1). In this context, a sugar-rich diet plays a

pivotal role on the disease onset (2). This disease inflicts biological,

social, and financial negative impacts on the affected individuals as

well as it places a high burden on healthcare systems (3). Disease

activity should be managed at an individual level at its early stage

by means of controlling etiological factors in order to prevent new

carious lesions to be developed and to arrest existing ones.

Tooth mineral loss and gain processes are influenced by several

factors (4), including the host’s saliva (5). Saliva plays an important

role on the maintenance of oral health most of its functions, such as

the antimicrobial and the pH-buffering functions, the formation of

the acquired enamel pellicle, as well as the inhibition of

demineralization and the enhancement of remineralization, being

played by the salivary proteins/enzymes (6). It is known that saliva

comprises of about 2,000 proteins (7, 8). In this context, an

important research field, named “Salivaomics,” and the study of

the salivary proteome have been increasingly emerged aiming at

identifying proteins patterns, which could be considered candidates

to estimate the host’s risk to the development of oral diseases (9).

As the composition of saliva reflects the pathophysiological

changes that happen to the human body, it is expected that this

biological fluid gives aid to the diagnosis of oral diseases (10).

Saliva has numerous advantages as a diagnostic tool: it allows

rapid, easy, and non-invasive detection of molecules that could

assist on the early diagnosis, on disease progression monitoring,

and on its response to therapeutic approaches.

Previous studies have indicated some association between salivary

proteins or salivary enzymes and dental caries susceptibility. Caries-

affected individuals may present higher total salivary protein

concentration (11–13), higher levels of secretory immunoglobulin-A

(s-IgA) (14–16), higher concentrations of mucin (17), higher

carbonic anhydrase IV (CA-IV) activity (18, 19), higher lysozyme

activity (20), higher levels of human beta-defensin (hBD) (21, 22),

and lower levels of LL-37 (23), among other differences. However,

contradictory results have also been reported (24–37). Moreover,

meta-analysis on this subject is still scarce precluding that definitive

conclusion be drawn. A pooled analysis of the available evidence

may provide more robust data on identifying patterns among caries-

free and caries-affected individuals. This way, the aim of this

systematic review and meta-analysis was to compare the oral cavity’s

protein abundance among these individuals in order to identify

protein patterns associated with oral health or with dental caries.

The tested hypothesis is that the oral cavity protein abundance is

different among caries-free and caries-affected individuals.
2. Methods

2.1. Study protocol

The Preferred Reporting Items for Systematic Review and

Meta-Analysis (PRISMA) checklist was used as a guide for
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conducting and reporting the present study (PRISMA statement)

(38). This review was registered in PROSPERO (registry number

CRD42021269079). Only data related to protein abundance

(expressed as mean and standard deviation or standard error) or

electrophoresis-based data were reported in this study.
2.2. Review question and PCO strategy

The research question “Does the oral cavity of caries-affected

individuals has a different protein abundance compared with the

oral cavity of caries-free ones?” was formulated using the Patient,

Control, Outcome (PCO) framework (39) as follows: caries-

affected individuals (P); caries-free individuals (C); protein

abundance (concentration, activity or levels of total proteins,

enzymes, immunoglobulins, antioxidants and antimicrobial

peptides (AMPs) in dental plaque, saliva or acquired salivary

film) (O).
2.3. Search strategy and study selection

Electronic search was performed in MEDLINE, Embase, and

ISI Web of Science databases without restriction of date of

publication. The search strategies were as follows: MEDLINE

(biofilm[MeSH Terms]) OR (biofilm) OR (biofilms[MeSH

Terms]) OR (biofilms)) OR (dental plaque[MeSH Terms]) OR

(dental plaque)) OR (acquired pellicle, salivary[MeSH Terms])

OR (acquired pellicle, salivary) OR (salivary) OR (oral cavity

[MeSH Terms]) OR (oral cavity) AND (proteome[MeSH

Terms]) OR (proteome) OR (proteomes[MeSH Terms]) OR

(proteomes) OR (proteomics[MeSH Terms]) OR (proteomics)

AND (dental caries[MeSH Terms]; EMBASE (‘biofilm’/exp OR

biofilm OR ‘tooth plaque’/exp OR ‘tooth plaque’ OR ‘dental

pellicle’/exp OR ‘dental pellicle’ OR ‘saliva’/exp OR saliva OR

‘mouth cavity’/exp OR ’mouth cavity’) AND ’proteome’/exp OR

proteome OR ’proteomics’’/exp OR proteomics OR ’protein’/exp)

AND ’dental caries’’/exp; ISI Web of Science (biofilm* or dental

plaque or saliva or dental pellicle or mouth or oral cavity) AND

(proteomic * or protein*) AND (dental caries). Search was

updated on February, 2023. Gray literature was not searched.
2.4. Article selection process and eligibility
criteria

Observational clinical studies (cross-sectional, longitudinal, or

case–control) written in Portuguese, Spanish, English, French,

Italian, or German that compared the oral cavity protein

abundance (in terms of concentration, activity or levels of total

proteins, enzymes, immunoglobulins, antioxidants, and

antimicrobial peptides) among caries-affected and caries-free

individuals were included. Descriptive or systematic literature

reviews, case reports, case series, opinion articles, and letters to

the editor as well as studies that evaluated specific s-IgA (against

specific microorganisms, for example, Streptococcus mutans and
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Lactobacillus spp., among others) and studies that evaluated non-

humoral immune response were excluded. The identified records

were imported into a reference manager software (EndNoteX9),

and duplicate titles were excluded.

All electronically identified records were scanned by title and

abstract by two independent researchers (LP and SP). Eligibility

of the selected studies was determined by reading the title and

abstracts of the articles identified from the electronic databases.

Disagreements in this selection process were resolved by a third

researcher (ES). Potentially eligible studies were then retrieved for

full-text reading. In order to verify reproducibility between

reviewers, Cohen’s kappa (k) was calculated for title (k = 0.85)

and for abstract (k = 0.95) selections. The searches were

complemented by manually screening the reference list of the

included studies, and those that met the eligibility criteria were

also included in this systematic review.
2.5. Data extraction

Data such as authors, year of publication, country, study design,

number of caries-free and caries-affected participants, mean age of

participants, criteria and threshold used for caries diagnosis

(cavitated/non-cavitated carious lesions), dental caries experience,

type of clinical sample (saliva, pellicle, or dental plaque), sample

collection protocol, methods used for protein analysis, and the

outcome of interest (concentration, activity or levels of total proteins,

immunoglobulins, enzymes, antioxidants, and antimicrobial

peptides) were independently extracted by two reviewers (LP and

SP) and compiled in an Excel spreadsheet. Disagreements were

resolved by a third researcher (ES). Cohen’s kappa for data

extraction was k = 0.95. In case of incomplete reported data, or full-

text was not available, authors were contacted by email. If authors

failed to provide additional data or to provide the full-text after two

reminders, only published available data were used.
2.6. Assessing the methodological quality of
individual studies

The methodological quality of individual studies was assessed

using the NIH Quality Assessment Tool for Observational

Cohort and Cross-Sectional Studies (https://www.nhlbi.nih.gov/

health-topics/study-quality-assessment-tools). In addition to the

guiding questions, the following question was also assessed: Was

the sample collection process clearly described? Each of the

guiding questions was classified as “yes” (present) or “no”

(absent). For those that were not reported, “NR” was recorded.

For final quality estimation purposes, “NR” records were also

considered as “no.” Quality was classified as “good” when studies

had at least 80% of positive scores, “fair” when it was between

40% and 80%, and “poor” when positive scores corresponded to

less than 40% of the criteria (40). The quality assessment was

also performed independently by two reviewers (LP and SP) and

disagreements were resolved by a third reviewer (ES). Cohen’s

kappa for this step was k = 0.90.
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2.7. Synthesis of evidence

Qualitative and descriptive synthesis was performed for all

included studies. Quantitative synthesis (meta-analysis) was

performed for studies that presented data of the concentration of

proteins, immunoglobulins, antioxidants, antimicrobial peptides

and activity of enzymes (mean and standard error or standard

deviation). Data from these studies were grouped and categorized

into “Caries-free” or “Dental Caries.” The meta-analysis was

performed using the Review Manager software (RevMan Web,

The Cochrane Collaboration 2022) (https://revman.cochrane.org/

#/myReviews). Since the primary studies used different methods

for assessing the outcomes, the standardized mean difference

(SMD) was chosen as a summary statistic in meta-analysis

(Cochrane Handbook version 6.4; https://training.cochrane.org/

handbook/current). SMD [followed by the respective confidence

intervals (CIs)] was calculated for the following outcomes: total

protein, immunoglobulins (s-IgA and IgG), carbonic anhydrase

VI (CA-VI) and antimicrobial peptides (AMP) (LL-37, hBD, and

hNP) concentrations, total antioxidant capacity (TAC) and

salivary alpha-amylase, CA-VI, urease, and arginine deaminase

system (ADS) activities. Concentrations were converted to mg/dl

(for total protein and s-IgA), mmol/L (for total antioxidant

capacity), μg/ml (for hBD-2 and hNP), ng/ml (for LL-37), and

ng/μl (for carbonic anhydrase). For cohort studies, only data

related to the baseline or to follow-up periods were used in the

meta-analysis. For studies that dichotomized the results

according to participants’ caries risk or experience (low,

moderate, or high risk), an average was calculated (considering

the number of participants and the standard deviation of each

group) as representative of the participants with dental caries

(Cochrane Handbook version 6.4). A random-effects model was

used with the Inverse Variance statistical method; Cochran’s

Q-test (χ2) and inconsistency test (I2) indicated statistical

heterogeneity when p < 0.10 and values equal to or greater than

50% were obtained, respectively.
3. Results

3.1. Selection of studies

Figure 1 shows the flow diagram of screened, included, and

excluded studies. From 68 studies selected for full reading, 10

were excluded because the caries-free group was missing

(Supplementary Table S1). Thirty-two studies were manually

selected from the reference list of the remaining eligible studies

resulting in 90 studies included in the systematic review.
3.2. Characteristics of the included studies

Most of the included studies were conducted in Asia (n = 47;

52.2%), followed by America (n = 34; 37.7%) and Europe (n = 9;

10.1%). Only two studies presented a cohort design, being the

majority of the cross-sectional studies (n = 88). A total of 6,814
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FIGURE 1

Flow diagram of screened, eligible, and included studies according to PRISMA guideline.
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participants were evaluated, with 2,996 being caries-free, and the

remaining 3,818 participants were caries-affected ones. Children

and adolescents comprised the studied population of most of the

studies (n = 67; 74.5%).

Unstimulated saliva was collected in 67 studies (74.5%),

stimulated saliva was collected in 15 studies (16.6%), oral rinse or

dental plaque were collected in one study each (2.2%), and both

dental plaque and unstimulated or stimulated saliva were collected

in five studies (5.5%). It was not clear to estimate whether

unstimulated or stimulated saliva was collected in one study (1.1%).

Dental caries experience was determined based on the

International Caries Detection and Assessment System (ICDAS)

(five studies; 5.5%) (22, 31, 34, 41, 42). Twelve studies (13, 21,

43–52) did not describe how caries experience was determined.

With the exception of four studies (12, 19, 53, 54) that used

other indexes, the remaining studies used the DMF index to

assess dental caries experience (69 studies; 76.7%) (11, 14–18, 20,

23–28, 30, 33, 36, 55–107). In all studies, caries-free individuals

presented dmft/DMFT or dmfs/DMFS equal to zero, while

caries-affected ones presented dmfs/DMFS from 1 to 48 and
Frontiers in Oral Health 04
dmft/DMFT from 1 to 30. Regarding the threshold for dental

caries detection, most of the studies (60 studies; 66.7%) (11, 14,

15, 20, 23–28, 33, 37, 55–60, 62–78, 81, 83–97, 99–106) used the

WHO criteria (e.g., frank dentinal cavitation). Initial non-

cavitated lesions were also considered in nine studies (10%)

(16, 18, 31, 36, 61, 79, 80, 82, 98).
3.3. Qualitative synthesis

Twenty-one studies reported salivary total protein concentration

as outcome (11–13, 16–17, 20, 24, 25, 28, 46, 52, 54, 56, 58, 63, 72,

75, 79, 85, 90, 96) (Supplementary Table S2). Biuret reaction,

Bradford, and Lowry were the most used methods for the

outcome quantification (76.2%). Ten studies (47.6%) showed

higher total protein concentration in the oral cavity of caries-

affected individuals (47.6%) (11–13, 28, 72, 75, 78, 85, 90, 96),

whereas an opposite trend was observed in two studies (17, 52).

In the remaining nine studies (43%), no differences were found in

the salivary total protein concentration among individuals.
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The TAC of saliva was reported in 19 studies (12, 13, 24, 41, 48,

55, 57, 59, 65, 66, 72, 78, 81, 85, 87, 89, 92, 93, 96) (Supplementary

Table S3) with ferric-reducing antioxidant power (FRAP) and

thiobarbituric acid reactive substances (TBARS) being the

methods most used (26% of studies each). Fifteen studies (79%)

(12, 13, 41, 48, 55, 59, 65, 66, 72, 78, 81, 85, 87, 93, 96) showed

that caries-affected individuals present higher TAC. Higher TAC

in caries-free individuals was found in one study (89) and no

differences were found among individuals in the other three

remaining studies (24, 57, 92).

Twenty-four studies reported s-IgA as outcome (14–17, 27, 31,

43, 52, 61–63, 68, 75, 77, 79, 80, 86, 88, 90, 94, 99, 102, 105, 107)

(Supplementary Table S4). Enzyme-linked immunosorbent assay

(ELISA) was the method used in most of the studies (41.6%).

Eleven studies (46%) showed that the oral cavity of caries-free

individuals present higher s-IgA concentration (17, 27, 31, 52,

62, 68, 75, 79, 90, 99, 107). Higher s-IgA concentration was

found in the oral cavity of caries-affected individuals by eight

studies (33%) (14–16, 43, 63, 88, 102, 105). No difference was

observed among caries-free and caries-affected individuals by the

remaining studies.

Three studies reported salivary IgG concentration in caries-free

and caries-affected individuals (15, 68, 90) (Supplementary

Table S4). One study showed higher levels in caries-affected

individuals (15), whereas another study (68) showed higher

salivary levels in caries-free individuals. Razi et al. (90) did not

find any difference among individuals for the IgG levels.

Superoxide dismutase (SOD) activity was reported in three

studies (12, 69, 96). All three studies showed that SOD activity

was higher in caries-affected individuals. Myeloperoxidase activity

was higher in caries-affected individuals (67). Salivary glutathione

peroxidase activity was reported in two studies (67, 70) with

conflicting results. Lactoperoxidase activity and hypothiocyanite

and thiocyanate concentrations were similar among caries-free

and caries-affected individuals (73) (Supplementary Table S5).

Eight studies reported activity or concentration of salivary alpha-

amylase (19, 47, 54, 58, 63, 84, 97, 107) (Supplementary Table S6).

Balekjian et al. (58) and Singh et al. (97) showed higher alpha-

amylase concentration and activity, respectively, in caries-affected

individuals. Mojarad et al. (47), Borghi et al. (19), and Ahmad

et al. (107) showed lower alpha-amylase activity in caries-affected

individuals. In three studies (54, 63, 84), no differences were

observed on the activity or concentration among individuals.

Lysozyme concentration or activity was reported in four studies

(20, 30, 49, 64) (Supplementary Table S7). Higher activity was

found in caries-affected individuals (20), whereas lower lysozyme

concentration was found in those individuals (30). In the other two

studies, no differences were found among individuals. Two studies

reported salivary lactoferrin concentration (30, 64) (Supplementary

Table S7). No differences were observed among the studied

individuals. Yang et al. (106) showed higher proteinase-3

concentration in caries-free individuals. Hedenbjörk-Lager et al.

(11) showed higher concentration of metalloproteinase-8 in caries-

affected individuals (Supplementary Table S7).

Activity or concentration of CA-VI was reported in seven

studies (18, 19, 26, 50, 82, 83, 98) (Supplementary Table S8).
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Four studies (19, 82, 83, 98) showed higher CA-VI activity in

saliva and in dental plaque of caries-affected individuals. CA-VI

concentration was higher in saliva or in dental plaque of caries-

free individuals (82, 83). The other two studies did not find

differences among individuals.

Urease activity, reported as ammonia production from urea,

was shown by four studies (74, 76, 91, 95) (Supplementary

Table S9). Lower urease activity was found in the dental plaque

(76, 91, 95) and in the saliva of caries-affected individuals

(74, 91). Three studies reported ADS activity in the oral cavity as

ammonia produced from arginine breakdown (42, 74, 91), and

one study reported ADS activity as citrulline produced from

arginine (42) (Supplementary Table S9). Lower ADS activity

was found in saliva (76, 91) and in the dental plaque (91) of

caries-affected individuals. However, similar ADS activity was

found in saliva (42, 74) and in the dental plaque (42, 76) of

caries-free and caries-affected individuals. One study (104)

showed arginine and lysine levels to be higher in the saliva of

caries-free individuals.

Higher albumin and cystatin-S concentrations were found in

the oral cavity of caries-free individuals (36, 52). Two studies

reported mucin concentration, with higher MUC5B and MUC7

in caries-free (33) or higher mucin concentration in caries-

affected individuals (17). Histatin concentration was not

different among caries-free and caries-affected individuals (54),

while another study reported that histatin was more likely to be

non-detectable or being in reduced concentration in caries-free

individuals (51). One study found higher proline-rich protein

(PRPs) concentration in caries-affected individuals (100),

whereas no difference among caries-free and caries-affected

individuals was found for acidic and basic PRPs (54). One

study reported a greater number of PRP bands on sodium

dodecyl-sulfate polyacrylamide gel electrophoresis (SDS-PAGE)

from saliva of caries-free individuals (60). Electrophoresis-based

analysis showed higher levels of positive-charged proteins on

the saliva of caries-affected individuals (58). Moreover, protein

bands of 15 kDa (suspected as cystatin), 25 kDa (suspected as

basic PRPs), 60 kDa (suspected as alpha-amylase), 65 kDa

(suspected as serum albumin), and 95 kDa (suspected as the

secretory component of IgA) were more frequently found in

caries-free individuals (44), whereas 17 kDa protein band was

more frequently found in caries-active ones (25)

(Supplementary Table S10).

AMP concentration in the oral cavity was assessed in nine

studies (21–23, 28, 34, 45, 53, 101, 103), with conflicting results

(Supplementary Table S11). One study showed lower LL-37

concentration in the saliva of high-caries activity individuals (23),

whereas similar LL-37 concentration was found in the saliva of

the individuals irrespective of caries status in other studies

(28, 34, 53). In one study, hBD concentration was higher in

caries-free individuals (34) but other two studies showed higher

concentration of hBD-2 and hBD-4 in caries-affected individuals

(21, 22). The other two studies (28, 53) did not find differences

among caries-free and caries-affected individuals. One study

reporter higher levels of hNP1–3 in the saliva of caries-free

individuals (101), and another study showed higher levels in the
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oral cavity of caries-affected individuals (45). Three studies found

no differences on hNP1–3 or hNP-4 levels among caries-free and

caries-affected individuals (21, 28, 103).
3.4. Quantitative synthesis

Twelve meta-analyses were performed. The oral cavity of

caries-free children (up to 6 years old) [SMD = 0.45 (95% CI: 0.01–

0.88); p = 0.05] and of caries-free children/adolescents (from 6 to

15 years old) [SMD = 1.10 (95% CI: 0.47–1.72); p = 0.0006]

presented lower total protein concentration (18 studies) compared

with caries-affected ones. Moreover, irrespective of the participant

age, caries-free individuals presented lower salivary total protein

concentration [SMD = 0.37 (95% CI: 0.07–0.68); p = 0.02]

(Figure 2). Studies also showed that caries-free individuals had

lower TAC levels [SMD = 1.29 (95% CI: 0.74–1.85); p < 0.00001;

17 studies] (Figure 3), being this trend observed in children,

adolescents, and adults.

For s-IgA, the oral cavity of caries-free children (up to 6 years

old) had lower concentration [SMD = 0.45 (95% CI: 0.22–0.69);
FIGURE 2

Standardized mean difference (SMD) and confidence intervals for total protein
individuals. Positive SMD values mean lower total protein concentration in car
total protein concentration in caries-affected individuals (favours dental carie
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p = 0.0002], whereas lower s-IgA concentration was found in the

oral cavity of caries-affected adults [SMD =−1.01 (95% CI: −1.76
to −0.25); p = 0.009]. Irrespective of the age of the participants,

the oral cavity of caries-free and caries-affected individuals

harbored similar s-IgA concentration [SMD =−0.35 (95% CI:

−0.83 to 0.13); p = 0.15; 18 studies] (Figure 4). In addition, no

difference on salivary IgG levels among caries-free and caries-

affected individuals were observed [SMD =−0.12 (95% CI: −0.75
to 0.51); p = 0.71; three studies] (Supplementary Figure S1).

In relation to salivary enzymes, alpha-amylase activity was not

different among caries-free and caries-affected individuals [SMD =

−0.36 (95% CI: −0.84 to 0.11); p = 0.13; four studies]

(Supplementary Figure S2). The oral cavity of caries-affected

individuals had lower CA-VI concentration [SMD =−0.66 (95%

CI: −1.00 to −0.32); p = 0.0001] (Figure 5), whereas the oral

cavity of caries-free individuals had lower CA-VI activity [SMD

= 0.83 (95% CI: 0.58 to 1.09); p < 0.00001; three studies]

(Figure 6). Caries-affected individuals had lower urease activity

[SMD =−0.95 (95% CI: −1.72 to −0.17); p = 0.02; four studies]

(Figure 7) and lower ADS activity [SMD =−2.07 (95% CI: −3.53
to −0.62); p = 0.005; three studies] (Figure 8). The meta-analysis
concentration (mg/dl) in the oral cavity of caries-free and caries-affected
ies-free individuals (favours caries-free). Negative SMD values mean lower
s).
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FIGURE 3

Standardized mean difference (SMD) and confidence intervals for TAC (mmol/L) in the oral cavity of caries-free and caries-affected individuals. Positive SMD
valuesmean lowerTAC incaries-free individuals (favours caries-free).Negative SMDvaluesmean lowerTAC incaries-affected individuals (favoursdental caries).
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of AMP showed no differences on LL-37, hBD, and on hNP

concentrations among caries-free and caries-affected individuals

(Supplementary Figures S3–S5).
3.5. Methodological quality of individual
studies

Among the cross-sectional studies, the methodological

quality of 53 studies (60.2%) was classified as “fair,” 29 studies

(33%) were classified as “good,” and six studies (6.8%) were

classified as “poor.” The guiding questions that received a

negative answer (no) or that the authors did not report (NR)

were Q8 (n = 88 studies), Q4 (n = 75 studies), Q10 (n = 43

studies), Q6 (n = 29 studies), Q2 (n = 25 studies), Q3 (n = 15

studies), Q1 (n = 4 studies), and Q5 (n = 1 study). Among the

cohort studies, the quality of evidence of one was classified as

“fair” and the other study was classified as “good.” The guiding

questions that received a negative answer (no) or that the

authors did not report (NR) were Q2 (n = 2 studies), Q5 (n = 2

studies), Q12 (n = 2 studies), Q4 (n = 1 study), Q6 (n = 1 study),

Q9 (n = 1 study), and Q15 (n = 1 study) (Supplementary Tables

S12, S13).
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4. Discussion

The results of this systematic review and some of the meta-

analyses indicated that there are some proteins in the oral cavity

that could potentially be used for the identification of caries-free

or caries-affected individuals.

As observed in the meta-analysis, the saliva of caries-free

individuals had lower total protein concentration in comparison

with caries-affected individuals (Figure 2). It has been reported

that the salivary total protein concentration tends to increase

according to carious lesions extension (i.e., the presence of

cavitated lesions) as a result of dentinal organic matrix

degradation by MMPs activity (12). In fact, higher levels of

matrix metalloproteinases (MMP), specifically MMP-8, have been

identified in the saliva of caries-affected individuals (11)

(Supplementary Table S7). Furthermore, it is considered that

the higher protein concentration in the saliva of caries-affected

individuals may be a protective and/or an adaptive response of

the body against dental caries, considering the important

antimicrobial properties performed by saliva (96). Some authors

suggest that this increase in total protein concentration would

also be a consequence of an increase in salivary alpha-amylase

levels in caries-affected individuals (58, 75).
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FIGURE 4

Standardized mean difference (SMD) and confidence intervals for s-IgA concentration (mg/dl) in the oral cavity of caries-free and caries-affected
individuals. Positive SMD values mean lower s-IgA concentration in caries-free individuals (favours caries-free). Negative SMD values mean lower
s-IgA concentration in caries-affected individuals (favours dental caries).

FIGURE 5

Standardized mean difference (SMD) and confidence intervals for carbonic anhydrase VI concentration (CA-VI; ng/μl) in the oral cavity of caries-free and
caries-affected individuals. Negative SMD values mean lower CA-VI concentration in caries-affected individuals (favours dental caries).
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Some studies included in this systematic review indicated that

caries-affected individuals had a high concentration or activity of

salivary alpha-amylase (58, 97) (Supplementary Table S5). This

enzyme has the ability to act as a component of the acquired

salivary pellicle, providing binding sites for oral microorganisms

(108, 109). Salivary amylase can also bind to the surface of

certain microorganisms, such as Actinomyces spp. and

Streptococcus spp., including Streptococcus mutans (110). In both

cases, besides aiding microbial adhesion, this enzyme promotes
Frontiers in Oral Health 08
starch breakdown leading to shorter glucose-containing polymers

that can be either converted into acids by microorganisms or act

as precursors for the synthesis of insoluble extracellular

polysaccharides by S. mutans (111). Therefore, it is understood

that the greater the salivary alpha-amylase activity, the greater

the potential for the development of a highly cariogenic dental

plaque. However, the results of the other studies included in this

systematic review are contradictory, and the meta-analysis

showed no difference in alpha-amylase activity among caries-free
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FIGURE 7

Standardized mean difference (SMD) and confidence intervals for urease activity levels (μmol ammonia/min/mg protein) in the oral cavity of caries-free
and caries-affected individuals. Positive SMD values mean lower urease activity levels in caries-free individuals (favours caries-free). Negative SMD values
mean lower urease activity levels in caries-affected individuals (favours dental caries).

FIGURE 8

Standardized mean difference (SMD) and confidence intervals for ADS activity levels (μmol ammonia/min/mg protein) in the oral cavity of caries-free and
caries-affected individuals. Negative SMD values mean lower ADS activity in caries-affected individuals (favours dental caries).

FIGURE 6

Standardized mean difference (SMD) and confidence intervals for carbonic anhydrase VI activity levels (CA-VI; pixel area or pixel area/mg protein) in the
oral cavity of caries-free and caries-affected individuals. Positive SMD values mean lower CA-VI activity in caries-free individuals (favours caries-free).
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and caries-affected individuals (Supplementary Figure S2). It is

possible that methodological differences among studies have

contributed to these discrepant results and further studies are

needed to better clarify whether an association between salivary

amylase activity and dental caries exists.

The meta-analysis indicated that caries-free individuals have

lower TAC levels compared with caries-affected ones (Figure 3).

This result agrees with previous studies that showed high TAC

levels in caries-affected individuals (12, 13, 41, 48, 55, 59, 65, 66,

72, 78, 81, 85, 87, 93, 96). It is well-known that reactive oxygen
Frontiers in Oral Health 09
species (ROS) cause DNA and protein damage, lipid

peroxidation, and stimulation of proinflammatory cytokine

secretion (41, 59, 78, 81, 87, 93). Oxidative stress occurs as a

result of the imbalance among free radicals (FR), ROS, and

compounds with antioxidant activity (65). It has been discussed

that the increase in TAC occurs as a compensatory event to

neutralize the oxidative effects induced by FR and ROS produced

by both microorganisms and by the host during the disease

development (55, 78, 96). This increase in TAC levels could even

enable the growth of cariogenic microorganisms, since the more
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FIGURE 9

Oral cavity protein abundance among caries-free and caries-affected
individuals.
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antioxidants are produced, the more reactive molecules (FR and

ROS) are neutralized, negatively affecting the antimicrobial

effects of these molecules on the oral microorganisms (41).

Furthermore, a positive correlation between greater total protein

concentration in saliva and higher TAC in caries-affected

individuals has been reported (72, 78, 84, 85, 96). It is argued

that this increase on TAC levels in caries-affected individuals

might also occur due to an increase in salivary peroxide levels

(65, 66, 85, 87, 93, 96), which constitute one of the main

antioxidant systems found in the oral cavity. Some studies

indicated that the activity of the antioxidant enzymes, as SOD,

myeloperoxidase, and glutathione peroxidase, is higher in caries-

affected individuals (12, 67, 69, 96) (Supplementary Table S5).

SOD and myeloperoxidase exert an antimicrobial effect (112),

while the glutathione peroxidase, in turn, catalyzes the reduction

of hydroperoxides, including hydrogen peroxides, into reduced

glutathione, protecting cells from the oxidative stress (112). Thus,

it is likely that several antioxidant systems are more expressed in

the oral cavity of caries-affected individuals.

In relation to carbonic anhydrase, the meta-analysis showed

that caries-affected individuals have lower CA-VI levels and

caries-free individuals present lower CA-VI activity, both in

saliva and in dental plaque (Figures 5, 6). This agrees with the

results reported by Wang et al. (113, 114) who showed a greater

enrichment of metabolic pathways associated with CA-VI in the

saliva of caries-affected individuals (114) being this suggestive of

higher CA-VI activity. It is discussed that pH fluctuations are

quickly buffered in the oral cavity of caries-free individuals since

these individuals present higher CA-VI salivary concentration

(82, 83). However, as a consequence of its lower levels in caries-

affected individuals, CA-VI is being activated more constantly in

those individuals in an effort to control the acidification
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promoted by the metabolic activity of microorganisms.

Conversely, it may explain the lower CA-VI activity in caries-free

individuals. It is important to mention that the activity of CA-

VI, both in saliva and in the dental plaque, was able to

adequately discriminate caries-affected (presenting non-cavitated

lesions) of caries-free individuals (98), indicating that this

parameter can potentially be used to identify individuals at

greater risk for dental caries development.

Regarding the synthesis of alkaline compounds, caries-affected

individuals have lower urease (Figure 7) and lower ADS (Figure 8)

activities compared with caries-free ones, which agrees with

previous evidence (42, 74, 76, 91, 95, 115). The production of

ammonia from urea and from arginine metabolism has been

considered one of the protective mechanisms against the harmful

effects of oral acidic environments. The greater activity of ADS

would be compatible with the high levels of arginine in the oral

cavity of caries-free individuals (104). It is understood that the

differences observed among caries-free and caries-affected

individuals in the ability of the oral microbiota to produce

ammonia (from arginine or urea) are due to the fact that alkali-

generating enzymes are more abundant in the oral cavity of

caries-free individuals (76, 91). This may be related to the fact

that there is a greater abundance of alkali-producing

microorganisms (as Streptococcus sanguinis and Streptococcus

gordonii) in the oral cavity of caries-free individuals (91).

Other salivary enzymes also appear to be differentially

abundant among caries-free and caries-affected individuals.

This is the case, for example, of protease-3 (PR3), which is

present at low concentrations in the oral cavity of caries-

affected individuals (106). Studies reported that the ideal

condition for PR3 activity is at pH around 8.0 (116, 117). As

the pH of the oral cavity of caries-free individuals tends to be

more alkaline than that of caries-affected ones (118), this would

help explain the low levels of PR3 in caries-affected individuals

(Supplementary Table S7). In addition, PR3 exerts an

antimicrobial effect (119) and it participates in the synthesis of

antimicrobial peptides, specifically LL-37 (120). This could

explain the low levels of this protease in individuals with caries,

although the exact role played by this protease in the oral cavity

is still unknown. Regarding lysozyme and lactoferrin, the results

are conflicting (20, 30, 49, 58, 64) or no differences were

observed among the studied individuals (30, 64)

(Supplementary Table S7). The studies included in this review

do not allow us to conclude whether there is, in fact, any

association between salivary levels and/or activities of lysozyme,

lactoferrin, and PR3 with oral health or with dental caries.

In three studies included in this review, cystatin and albumin

concentrations were higher in the oral cavity of caries-free

individuals (36, 44, 52) (Supplementary Table S10). This result

agrees with other studies showing higher cystatin concentration

in the saliva or in the dental plaque of caries-free individuals

(114, 121, 122) This association is plausible since cystatin exerts

an antimicrobial effect by acting as a proteinase inhibitor

(cysteine proteinase type) (123, 124), and it also contributes to

the maintenance of calcium supersaturation onto the tooth

surface, a function also played by PRPs, histatins, and statherins
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(125). Albumin may help on acid buffering (126) thus playing an

important role in the oral cavity. Furthermore, similar levels of

statherins and agglutinins are found in the oral cavity of caries-

free and of caries-affected individuals, this finding being reported

by only one study included in this systematic review (51, 54)

(Supplementary Table S10). However, conflicting results were

observed in relation to the concentration of mucin, PRPs, and

histatin (33, 44, 51, 54, 60) among caries-free and caries-affected

individuals (Supplementary Table S10). MUC5B has a high

affinity for hydroxyapatite, which tends to inhibit microbial

adhesion onto the tooth surface (127–130). On the other hand,

MUC7 remains free in the salivary aqueous phase, and it exerts

an antimicrobial effect by interacting with bacterial cell surface

(131). This would explain their greater concentration in

individuals without caries (33). Despite these findings, an

opposite trend (i.e., higher mucin concentration in the oral cavity

of caries-affected individuals) was also observed (17). Agglutinin

and statherin concentrations seemed to be similar among caries-

free and caries-affected individuals (51, 54).

The meta-analysis showed that caries-free children (up to 6

years old) have lower s-IgA levels (Figure 4). In sharp contrast,

Al Amoudi et al. (14) showed higher s-IgA in caries-affected

children that is attributed to the increase in the antigenic load

promoted by cariogenic microorganisms, which leads to a

greater production of antibodies. Considering that the child’s

immune system is still under maturation and under

development, exposure to antigens from a cariogenic microbiota

may be stimulating sensitization and antibody production,

contributing to the higher levels of s-IgA in this group of

individuals. Furthermore, other authors also argued that s-IgA

levels are positively associated with increased counts of S.

mutans in the oral cavity of caries-affected individuals (15, 16,

63, 88, 102, 105). Although this is a plausible explanation due

to the importance played by the S. mutans in the cariogenic

dental plaque, it should be noted that the clinical significance of

these associations is limited. Actually, the composition of dental

plaque microbiome is much more diverse, being dependent on

caries activity and exhibiting differences among individuals

(132). Therefore, the statement that s-IgA concentrations are

directly related to the levels of certain microorganisms does not

seem logical within an ecologically broader concept of dental

caries as a dysbiosis-induced disease. Furthermore, if this

association was always true, caries-affected adults would also

present higher levels of s-IgA, which is in disagreement with

the results presented in our meta-analysis (Figure 4) and also

in relation to the results reported by other studies (17, 31, 68)

(Supplementary Table S4). We know that s-IgA levels depend

on the host’s age. In general, adults have higher s-IgA levels

compared with children (133). Despite this increased level, and

considering that s-IgA not only inhibits the microbial adhesion

to dental surfaces but also promotes microbial agglutination

and acts synergistically in relation to important salivary

enzymes, such as lactoferrin and peroxides (134), it is

understood that a reduction in s-IgA levels places individuals at

greater risk for caries development. However, irrespective to the
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participants’ age, no clear pattern exists on s-IgA levels among

caries-free and caries-affected individuals.

Some authors suggested that a greater expression of AMPs in

the saliva of caries-affected individuals may be due to both the

simultaneous presence of gingival inflammation (28, 103) and

the high salivary levels of S. mutans (53). However, it is still

discussed that, despite exerting an antimicrobial effect, the higher

AMP levels in caries-affected individuals mean that the virulence

of the microorganisms present in the oral cavity of these

individuals (specifically S. mutans) is higher when compared to

caries-free individuals, overcoming any antimicrobial effect

played by these AMPs (28, 45). It is also considered that higher

salivary levels of beta-defensins in caries-free individuals are

associated with higher salivary levels of the amino-acids lysine

and arginine (135), since both are components of these AMPs.

Our meta-analysis, however, did not show differences on the

salivary levels of LL-37, hBD, and hNP among caries-free and

caries-affected individuals (Supplementary Figures S3–S5).

Considering each study individually, the reported outcomes are

contradictory (21, 22, 23, 28, 34, 45, 53, 101, 103)

(Supplementary Table S11). In general, an expressive variability

in the AMP concentration among different studies was observed.

It is speculated that this variability may occur due to

polymorphisms, due to the number of codifying AMP genes

among the evaluated individuals (34, 101), or due to the fact

that immune response maturates with aging, and, therefore,

lower salivary levels of AMP could be found in children (23, 34,

101, 103).

The composition of saliva and its biological characteristics are

influenced by several factors, such as participants’ age, salivary

flow, type of salivary stimulus, type of salivary gland, diet, degree

of hydration, circadian cycle, among others (136–138). Thus, all

these factors must be adequately controlled and adjusted in order

to minimize potential sources of variability and bias in the

analyses. We observed that most of the included studies lacked a

proper control of confounder for salivary flow, for participant’s

age and diet or for degree of hydration. Therefore, it is possible

that these uncontrolled factors could have been the source of the

variability observed in some of the outcomes analyzed in this

review. Another important source of variation is the origin (or

source) of saliva. While total whole saliva has a composition that

is representative of the fluids secreted by all major and minor

salivary glands as well as by gingival crevicular fluid, saliva

collected directly from a specific gland has a protein content that

can be distinct when compared to whole saliva. In addition to

these factors, the presence or absence of stimuli during saliva

collection can also affect salivary composition. This occurs due to

the participation of different glands in stimulated and non-

stimulated salivary flow. As can be seen in the Supplementary

Tables presented in this review, saliva collection procedures were

highly variable among studies. Different proteomic profiles can

be obtained from these different analyzes as previously observed

by other authors (135, 139). An important point to be

emphasized is the influence of the circadian rhythm on saliva

composition. Ideally, studies should collect samples at the same
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time of day (136, 140). Some studies reported saliva collection in

the morning between 8 a.m. and 11 a.m., before eating, drinking,

and before performing oral hygiene. This is probably the best

method to avoid contamination of saliva with external factors,

minimizing any possible effect or influence of the diet on saliva

composition (37).

Many studies reported the caries experience of the participants

through the dmfs/dmft or DMFS/DMFT indexes. The threshold for

carious lesions detection was set as the presence of frank cavitation

(following the WHO criteria). In many cases, the decayed

component of DMF index was not individually reported. Only

few studies reported caries experience at early-lesion threshold.

Moreover, caries activity at the lesion level was not assessed in

most of the studies. Ideally, both the earliest stages of carious

lesions (when a cavitation is clinically absent) and the assessment

of the activity of the carious lesion should be simultaneously

considered. This will allow strategies to be implemented

immediately and at an early moment, enabling disease control at

the individual level.

It is also important to highlight the high heterogeneity found in

the meta-analyses. This indicates a high variability among studies

likely attributed to methodological differences (i.e., collection of

saliva or dental plaque; distinct methodologies for the reported

outcomes), which may affect the magnitude and direction of the

observed effects. Moreover, the statistical heterogeneity indicates

that a common effect is not observed among all studies being this

effect also dependent on the studied participants. Furthermore,

heterogeneity estimation of meta-analysis performed with few

studies (less than 10 primary studies) needs to be analyzed with

care. In order to minimize heterogeneity, subgroup analysis was

performed according to participants’ age and the outcomes were

converted into the same unit of concentration or activity, and the

effect size was tested by a random-effects model. Nevertheless, it

is important to acknowledge that the conclusion of this study is

based on highly heterogeneous studies. In addition, the small

number of studies in most of the meta-analyses is also a concern.

We focused our searches on the three main databases

(MEDLINE-PubMed, ISI Web of Science, and EMBASE). As

other databases were not assessed, one may argue that other

relevant studies may not have been identified by the search

strategies used in this review and that the inclusion of new

studies may change the magnitude and direction of the effects

presented in the meta-analyses. While we acknowledge those

concerns as limitations of the study, it is important to mention

that more than 5,000 studies were retrieved from the above-

mentioned databases and a hand-search was also performed in

the reference list of the included studies to maximize the

screening of the potential eligible studies not identified by the

search strategy. Furthermore, the methodological quality of most

of the included studies was classified as fair and some important

methodological issues were identified, such as lack of sample size

justification and study power calculation, absence of a clear

description of the blinding process, study participants not clearly

defined, as well as a lack of a proper description of the methods

and conditions for sample collection. The above-mentioned

limitations need to be taken into consideration.
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5. Conclusion

This systematic review and meta-analyses indicated important

differences on oral cavity protein abundance among caries-free and

caries-affected individuals (Figure 9). Meta-analyses indicated

lower total protein concentration, lower TAC, and lower CA-VI

activity in the oral cavity of caries-free individuals, whereas lower

CA-VI concentration, and lower urease and ADS activities were

found in the oral cavity of caries-affected individuals. These

differences may indicate potential protein patterns associated with

the oral health or with the dental caries conditions identifying

individuals who are at greater risk of disease development.

However, even when statistically significant, some of the results

were not very consistent. In addition, the diagnostic value of these

patterns and their validity need to the evaluated by long-term

cohort studies in the future.
Author contributions

ES: Conceptualization, Writing – original draft, Writing –

review & editing, Data curation, Methodology. LP: Methodology,

Writing – original draft, Investigation. SP: Investigation,

Methodology, Writing – original draft. RA: Writing – original

draft, Conceptualization, Formal Analysis, Supervision, Writing –

review & editing.
Funding

The author(s) declare that no financial support was received for

the research, authorship, and/or publication of this article.
Acknowledgments

We thank the Rio Grande do Sul Research Foundation
(FAPERGS proc. 21/2551-0000976-4 and 22/2551-0000763-5) for
providing a scholarship to LP.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.

The author(s) declared that they were an editorial board

member of Frontiers, at the time of submission. This had no

impact on the peer review process and the final decision.
Publisher’s note

All claims expressed in this article are solely those of

the authors and do not necessarily represent those of their
frontiersin.org

https://doi.org/10.3389/froh.2023.1265817
https://www.frontiersin.org/journals/oral-health
https://www.frontiersin.org/


Silveira et al. 10.3389/froh.2023.1265817
affiliated organizations, or those of the publisher, the

editors and the reviewers. Any product that may be

evaluated in this article, or claim that may be made by its

manufacturer, is not guaranteed or endorsed by the

publisher.
Frontiers in Oral Health 13
Supplementary material

The Supplementary Material for this article can be found

online at: https://www.frontiersin.org/articles/10.3389/froh.2023.

1265817/full#supplementary-material
References
1. Sanz M, Beighton D, Curtis MA, Cury JA, Dige I, Dommisch H, et al. Role of
microbial biofilms in the maintenance of oral health and in the development of
dental caries and periodontal diseases. Consensus report of group 1 of the Joint
EFP/ORCA workshop on the boundaries between caries and periodontal disease.
J Clin Periodontol. (2017) 44(Suppl 18):S5–11. doi: 10.1111/jcpe.12682

2. Sheiham A, James WP. Diet and dental caries: the pivotal role of free
sugars reemphasized. J Dent Res. (2015) 94(10):1341–7. doi: 10.1177/
0022034515590377

3. Kassebaum NJ, Bernabé E, Dahiya M, Bhandari B, Murray CJ, Marcenes W.
Global burden of untreated caries: a systematic review and metaregression. J Dent
Res. (2015) 94(5):650–8. doi: 10.1177/0022034515573272

4. Dawes C. Salivary flow patterns and the health of hard and soft oral tissues. J Am
Dent Assoc. (2008) 139(Suppl):18S–24S. doi: 10.14219/jada.archive.2008.0351

5. Mandel ID. The functions of saliva. J Dent Res. (1987) 66(Suppl):623–7. doi: 10.
1177/00220345870660S103

6. Carpenter GH. The secretion, components, and properties of saliva. Annu Rev
Food Sci Technol. (2013) 4:267–76. doi: 10.1146/annurev-food-030212-182700

7. Helmerhorst EJ, Oppenheim FG. Saliva: a dynamic proteome. J Dent Res. (2007)
86:680–93. doi: 10.1177/154405910708600802

8. Timothy CN, Samyuktha PS, Brundha MP. Dental pulp stem cells in regenerative
medicine–a literature review. Research J PharmTech. (2019) 12(8):4052–6. doi: 10.
5958/0974-360X.2019.00698.X

9. Zhang Y, Sun J, Lin CC, Abemayor E, Wang MB, Wong DTW. A paisagem
emergente do diagnóstico salivar. Periodontol 2000. (2015) 70(1):38–52. doi: 10.
1111/prd.12099

10. Buzalaf MAR, Ortiz AC, Carvalho TS, Fideles SOM, Araújo TT, Moraes SM,
et al. Saliva as a diagnostic tool for dental caries, periodontal disease and cancer: is
there a need for more biomarkers? Expert Rev Mol Diagn. (2020) 20(5):543–55.
doi: 10.1080/14737159.2020.1743686

11. Hedenbjörk-Lager A, Bjørndal L, Gustafsson A, Sorsa T, Tjäderhane L, Åkerman
S, et al. Caries correlates strongly to salivary levels of matrix metalloproteinase-8.
Caries Res. (2015) 49(1):1–8. doi: 10.1159/000360625

12. Araujo HC, Nakamune ACMS, Garcia WG, Pessan JP, Antoniali C. Carious
lesion severity induces higher antioxidant system activity and consequently reduces
oxidative damage in children’s saliva. Oxid Med Cell Longev. (2020) 2020:3695683.
doi: 10.1155/2020/3695683

13. Aliakbarpour F, Mahjoub S, Masrour-Roudsari J, Seyedmajidi S, Ghasempour
M. Evaluation of salivary thiobarbituric acid reactive substances, total protein, and
pH in children with various degrees of early childhood caries: a case-control
study. Eur Arch Paediatr Dent. (2021) 22(6):1095–9. doi: 10.1007/s40368-021-
00672-9

14. Al Amoudi N, Al Shukairy H, Hanno A. A comparative study of the secretory
IgA immunoglobulins (s.IgA) in mothers and children with SECC versus a caries free
group children and their mothers. J Clin Pediatr Dent. (2007) 32(1):53–6. doi: 10.
17796/jcpd.32.1.l338366jw54634q5

15. Bagherian A, Jafarzadeh A, Rezaeian M, Ahmadi S, Rezaity MT.
Comparison of the salivary immunoglobulin concentration levels between
children with early childhood caries and caries-free children. Iran J Immunol.
(2008) 5(4):217–21.

16. Letieri ADS, Freitas-Fernandes LB, Valente APC, Fidalgo TKDS, de Souza IPR.
Longitudinal evaluation of salivary IgA-S in children with early childhood caries
before and after restorative treatment. J Clin Pediatr Dent. (2019) 43(4):239–43.
doi: 10.17796/1053-4625-43.4.3

17. Nireeksha S, Hegde MN, Kumari NS, Ullal H, Kedilaya V. Salivary proteins as
biomarkers in dental caries: in vivo study. Dent Oral Craniofac Res. (2017) 3(2):1–7.
doi: 10.15761/DOCR.1000202

18. Frasseto F, Parisotto TM, Peres RC, Marques MR, Line SR, Nobre Dos Santos M.
Relationship among salivary carbonic anhydrase VI activity and flow rate, biofilm pH
and caries in primary dentition. Caries Res. (2012) 46(3):194–200. doi: 10.1159/
000337275

19. Borghi GN, Rodrigues LP, Lopes LM, Parisotto TM, Steiner-Oliveira C, Nobre-
Dos-Santos M. Relationship among α amylase and carbonic anhydrase VI in saliva,
visible biofilm, and early childhood caries: a longitudinal study. Int J Paediatr Dent.
(2016) 27(3):174–82. doi: 10.1111/ipd.12249

20. Lertsirivorakul J, Petsongkram B, Chaiyarit P, Klaynongsruang S, Pitiphat W.
Salivary lysozyme in relation to dental caries among Thai preschoolers. J Clin
Pediatr Dent. (2015) 39(4):343–7. doi: 10.17796/1053-4628-39.4.343

21. Barrera J, Tortolero S, Rivas A, Flores C, Gonzales E. Increased expression and
levels of human β defensins (hBD2 and hBD4) in adults with dental caries. JHSCI.
(2013) 3(2):88–97. doi: 10.17532/jhsci.2013.70

22. Jurczak A, Kościelniak D, Papież M, Vyhouskaya P, Krzyściak W. A study on β-
defensin-2 and histatin-5 as a diagnostic marker of early childhood caries progression.
Biol Res. (2015) 48:61. doi: 10.1186/s40659-015-0050-7

23. Davidopoulou S, Diza E, Menexes G, Kalfas S. Salivary concentration of the
antimicrobial peptide LL-37 in children. Arch Oral Biol. (2012) 57(7):865–9. doi: 10.
1016/j.archoralbio.2012.01.008

24. Tulunoglu O, Demirtas S, Tulunoglu I. Total antioxidant levels of saliva in
children related to caries, age, and gender. Int J Paediatr Dent. (2006) 16(3):186–91.
doi: 10.1111/j.1365-263X.2006.00733.x

25. Roa NS, Chaves M, Gómez M, Jaramillo LM. Association of salivary proteins
with dental caries in a Colombian population. Acta Odontol Latinoam. (2008) 21
(1):69–75.

26. Oztürk LK, Furuncuoğlu H, Atala MH, Uluköylü O, Akyüz S, Yarat A.
Association between dental-oral health in young adults and salivary glutathione,
lipid peroxidation and sialic acid levels and carbonic anhydrase activity. Braz J Med
Biol Res. (2008) 41(11):956–9. doi: 10.1590/S0100-879X2008005000048

27. Chawda JG, Chaduvula N, Patel HR, Jain SS, Lala AK. Salivary SIgA and dental
caries activity. Indian Pediatr. (2010) 48(9):719–21. doi: 10.1007/s13312-011-0113-y

28. Phattarataratip E, Olson B, Broffitt B, Qian F, Brogden KA, Drake DR, et al.
Streptococcus mutans strains recovered from caries-active or caries-free individuals
differ in sensitivity to host antimicrobial peptides. Mol Oral Microbiol. (2011) 26
(3):187–99. doi: 10.1111/j.2041-1014.2011.00607.x

29. Fidalgo TKS, Freitas-Fernandes LB, Ammari M, Mattos CT, de Souza IP, Maia
LC. The relationship between unspecific s-IgA and dental caries: a systematic review
and meta-analysis. J Dent. (2014) 42(11):1372–81. doi: 10.1016/j.jdent.2014.07.011

30. Moslemi M, Sattari M, Kooshki F, Fotuhi F, Modarresi N, Khalili Sadrabad Z,
et al. Relationship of salivary lactoferrin and lysozyme concentrations with early
childhood caries. J Dent Res Dent Clin Dent Prospects. (2015) 9(2):109–14. doi: 10.
15171/joddd.2015.022

31. Castro RJ, Herrera R, Giacaman RA. Salivary protein characteristics from saliva
of carious lesion free and high caries adults. Acta Odontol Latinoam. (2016) 29
(2):178–85.

32. Piekoszewska-Ziętek P, Turska-Szybka A, Olczak-Kowalczyk D. Salivary
proteins and peptides in the aetiology of caries in children: systematic literature
review. Oral Dis. (2018) 25(4):1048–56. doi: 10.1111/odi.12953

33. Szkaradkiewicz-Karpińska AK, Ronij A, Goślińska-Kuźniarek O, Przybyłek I,
Szkaradkiewicz A. MUC7 level as a new saliva risk factor for dental caries in adult
patients. Int J Med Sci. (2019) 16(2):241–6. doi: 10.7150/ijms.29027

34. Al-Ali GMSS, Jafar ZJ, AL-Ghurabi BH. The relation of salivary cathelicidin and
beta-defensin with dental caries of schoolchildren. J Res Med Dent Sci. (2021) 9
(4):30–5.

35. Wu Z, Gong Y, Wang C, Lin J, Zhao J. Association between salivary s-IgA
concentration and dental caries: a systematic review and meta-analysis. Biosci Rep
(2020) 40(12):BSR20203208. doi: 10.1042/BSR20203208

36. Koopaie M, Salamati M, Montazeri R, Davoudi M, Kolahdooz S. Salivary
cystatin S levels in children with early childhood caries in comparison with caries-
free children; statistical analysis and machine learning. BMC Oral Health. (2021) 21
(1):650. doi: 10.1186/s12903-021-02016-x

37. Ahmad P, Hussain A, Carrasco-Labra A, Siqueira WL. Salivary proteins as
dental caries biomarkers: a systematic review. Caries Res. (2022) 56(4):385–98.
doi: 10.1159/000526942

38. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD,
et al. The PRISMA 2020 statement: an updated guideline for reporting systematic
reviews. Br Med J. (2021) 372:n71. doi: 10.1136/bmj.n71
frontiersin.org

https://www.frontiersin.org/articles/10.3389/froh.2023.1265817/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/froh.2023.1265817/full#supplementary-material
https://doi.org/10.1111/jcpe.12682
https://doi.org/10.1177/0022034515590377
https://doi.org/10.1177/0022034515590377
https://doi.org/10.1177/0022034515573272
https://doi.org/10.14219/jada.archive.2008.0351
https://doi.org/10.1177/00220345870660S103
https://doi.org/10.1177/00220345870660S103
https://doi.org/10.1146/annurev-food-030212-182700
https://doi.org/10.1177/154405910708600802
https://doi.org/10.5958/0974-360X.2019.00698.X
https://doi.org/10.5958/0974-360X.2019.00698.X
https://doi.org/10.1111/prd.12099
https://doi.org/10.1111/prd.12099
https://doi.org/10.1080/14737159.2020.1743686
https://doi.org/10.1159/000360625
https://doi.org/10.1155/2020/3695683
https://doi.org/10.1007/s40368-021-00672-9
https://doi.org/10.1007/s40368-021-00672-9
https://doi.org/10.17796/jcpd.32.1.l338366jw54634q5
https://doi.org/10.17796/jcpd.32.1.l338366jw54634q5
https://doi.org/10.17796/1053-4625-43.4.3
https://doi.org/10.15761/DOCR.1000202
https://doi.org/10.1159/000337275
https://doi.org/10.1159/000337275
https://doi.org/10.1111/ipd.12249
https://doi.org/10.17796/1053-4628-39.4.343
https://doi.org/10.17532/jhsci.2013.70
https://doi.org/10.1186/s40659-015-0050-7
https://doi.org/10.1016/j.archoralbio.2012.01.008
https://doi.org/10.1016/j.archoralbio.2012.01.008
https://doi.org/10.1111/j.1365-263X.2006.00733.x
https://doi.org/10.1590/S0100-879X2008005000048
https://doi.org/10.1007/s13312-011-0113-y
https://doi.org/10.1111/j.2041-1014.2011.00607.x
https://doi.org/10.1016/j.jdent.2014.07.011
https://doi.org/10.15171/joddd.2015.022
https://doi.org/10.15171/joddd.2015.022
https://doi.org/10.1111/odi.12953
https://doi.org/10.7150/ijms.29027
https://doi.org/10.1042/BSR20203208
https://doi.org/10.1186/s12903-021-02016-x
https://doi.org/10.1159/000526942
https://doi.org/10.1136/bmj.n71
https://doi.org/10.3389/froh.2023.1265817
https://www.frontiersin.org/journals/oral-health
https://www.frontiersin.org/


Silveira et al. 10.3389/froh.2023.1265817
39. Morgan RL, Whaley P, Thayer KA, Schünemann HJ. Identifying the PECO: a
framework for formulating good questions to explore the association of
environmental and other exposures with health outcomes. Environ Int. (2018) 121
(Pt 1):1027–31. doi: 10.1016/j.envint.2018.07.015

40. Eidt G, Waltermann EDM, Hilgert JB, Arthur RA. Candida and dental caries in
children, adolescents and adults: a systematic review and meta-analysis. Arch Oral
Biol. (2020) 119:104876. doi: 10.1016/j.archoralbio.2020.104876

41. Jurczak A, Kościelniak D, Skalniak A, Papież M, Vyhouskaya P, Krzyściak W.
The role of the saliva antioxidant barrier to reactive oxygen species with regard to
caries development. Redox Rep. (2017) 22(6):524–33. doi: 10.1080/13510002.2017.
1301625

42. Nascimento MM, Liu Y, Kalra R, Perry S, Adewumi A, Xu X, et al. Oral arginine
metabolism may decrease the risk for dental caries in children. J Dent Res. (2013) 92
(7):604–8. doi: 10.1177/0022034513487907

43. Alaluusua S. Longitudinal study of salivary IgA in children from 1 to 4 years old
with reference to dental caries. Scand J Dent Res. (1983) 91(3):163–8. doi: 10.1111/j.
1600-0722.1983.tb00796.x

44. Bachtiar EW, Hermawan IY, Farida R, Bachtiar BM. Analysis of salivary protein
profiles and its viscosity in early childhood caries (a cross-sectional study). J Clin
Diagn Res. (2018) 12(12):ZC28–30. doi: 10.7860/JCDR/2018/37036.12376

45. Luthfi M, Setijanto D, Rahardjo MB, Indrawati R, Rachmadi P, Ruth MSMA,
et al. Correlation between human neutrophil peptide 1-3 secretion and azurophilic
granule (CD63) expression in early childhood caries. Dent Res J. (2019) 16(2):81–6.
doi: 10.4103/1735-3327.250973

46. Mandel ID, Zorn M, Ruiz R, Thompson TR Jr., Ellison SA. The proteins and
protein-bound carbohydrates of parotid saliva in caries-immune and caries-active
adults. Arch Oral Biol. (1965) 10(3):471–5. doi: 10.1016/0003-9969(65)90113-5

47. Mojarad F, Fazlollahifar S, Poorolajal J, Hajilooi M. Effect of alpha amylase on
early childhood caries: a matched case-control study. Braz Dent Sci. (2013) 16(1):41–5.
doi: 10.14295/bds.2013.v16i1.873

48. Muchandi S, Walimbe H, Bijle MN, Nankar M, Chaturvedi S, Karekar P.
Comparative evaluation and correlation of salivary total antioxidant capacity and
salivary pH in caries-free and severe early childhood caries children. J Contemp
Dent Pract. (2015) 16(3):234–7. doi: 10.5005/jp-journals-10024-1667

49. Stuchell RN, Mandel ID. A comparative study of salivary lysozyme in caries-
resistant and caries-susceptible adults. J Dent Res. (1983) 62(5):552–4. doi: 10.1177/
00220345830620050701

50. Szabó I. Carbonic anhydrase activity in the saliva of children and its relation to
caries activity. Caries Res. (1974) 8(2):187–91. doi: 10.1159/000260107

51. Vieira AR, Vieira NM, Limesand K, Modesto A. Differences in proteomic profiles
between caries free and caries affected children. Pesqui Bras Odontopediatria Clín Integr.
(2020) 20:e5592. doi: 10.1590/pboci.2020.131

52. Zengo AN, Mandel ID, Goldman R, Khurana HS. Salivary studies in human
caries resistance. Arch Oral Biol. (1971) 16(5):557–60. doi: 10.1016/0003-9969(71)
90203-2

53. Colombo NH, Ribas LF, Pereira JA, Kreling PF, Kressirer CA, Tanner AC, et al.
Antimicrobial peptides in saliva of children with severe early childhood caries. Arch
Oral Biol. (2016) 69:40–6. doi: 10.1016/j.archoralbio.2016.05.009

54. Dodds MW, Johnson DA, Mobley CC, Hattaway KM. Parotid saliva
protein profiles in caries-free and caries-active adults. Oral Surg Oral Med
Oral Pathol Oral Radiol Endod. (1997) 83(2):244–51. doi: 10.1016/S1079-2104(97)
90012-3

55. Ahmadi-Motamayel F, Goodarzi MT, Hendi SS, Kasraei S, Moghimbeigi A.
Total antioxidant capacity of saliva and dental caries. Med Oral Patol Oral Cir
Bucal. (2013) 18(4):e553–6. doi: 10.4317/medoral.18762

56. Ahmadi-Motamayel F, Goodarzi MT, Hendi SS, Abdolsamadi H, Rafieian N.
Evaluation of salivary flow rate, pH, buffering capacity, calcium and total protein levels
in caries free and caries active adolescence. J Dent Oral Hyg. (2013) 5(4):35–9. doi: 10.
5897/JDOH12.011

57. Ahmadi-Motamayel F, Goodarzi MT, Mahdavinezhad A, Jamshidi Z, Darvishi
M. Salivary and serum antioxidant and oxidative stress markers in dental caries.
Caries Res. (2018) 52(6):565–9. doi: 10.1159/000488213

58. Balekjian AY, Meyer TS, Montague ME, Longton RW. Electrophoretic patterns
of parotid fluid proteins from caries-resistant and caries-susceptible individuals. J Dent
Res. (1975) 54(4):850–6. doi: 10.1177/00220345750540042501

59. Banda NR, Singh G, Markam V. Evaluation of total antioxidant level of saliva in
modulation of caries occurrence and progression in children. J Indian Soc Pedod Prev
Dent. (2017) 34(3):227–32. doi: 10.4103/0970-4388.186747

60. Bhalla S, Tandon S, Satyamoorthy K. Salivary proteins and early childhood
caries: a gel electrophoretic analysis. Contemp Clin Dent. (2010) 1(1):17–22. doi: 10.
4103/0976-237X.62515

61. Colombo NH, Pereira JA, da Silva ME, Ribas LF, Parisotto TM, Mattos-Graner
RO, et al. Relationship between the IgA antibody response against Streptococcus
mutans GbpB and severity of dental caries in childhood. Arch Oral Biol. (2016)
67:22–7. doi: 10.1016/j.archoralbio.2016.03.006
Frontiers in Oral Health 14
62. Doifode D, Damle SG. Comparison of salivary IgA levels in caries free and caries
active children. Int J Clin Dent Sci. (2011) 2(1):10–4.

63. De Farias DG, Bezerra AC. Salivary antibodies, amylase and protein from
children with early childhood caries. Clin Oral Investig. (2003) 7(3):154–7. doi: 10.
1007/s00784-003-0222-7

64. Felizardo KR, Gonçalves RB, Schwarcz WD, Poli-Frederico RC, Maciel SM,
Andrade FB. An evaluation of the expression profiles of salivary proteins lactoferrin
and lysozyme and their association with caries experience and activity. Rev Odonto
Ciênc. (2010) 25(4):344–9. doi: 10.1590/S1980-65232010000400004

65. Hegde AM, Rai K, Padmanabhan V. Total antioxidant capacity of saliva and its
relation with early childhood caries and rampant caries. J Clin Pediatr Dent. (2009) 33
(3):231–4. doi: 10.17796/jcpd.33.3.c730518021m56077

66. Hegde MN, Hegde ND, Ashok A, Shetty S. Evaluation of total antioxidant
capacity of saliva and serum in caries-free and caries-active adults: an in-vivo study.
Indian J Dent Res. (2013) 24(2):164–7. doi: 10.4103/0970-9290.116670

67. Hegde MN, Kumari S, Hegde ND, Shetty SS. Myeloperoxidase and glutathione
peroxidase activity of saliva and serum in adults with dental caries: a comparative
study. J Free Radic Antioxid. (2013) 139:175–80.

68. Hegde MN, Shetty CM, Shetty A, Darshana D. Correlation between dental caries
and salivary immunoglobulin in adult Indian population: an in vivo study. J Restor
Dent. (2013) 1(1):22–5. doi: 10.4103/2321-4619.111229

69. Hegde MN, Hegde ND, Ashok A, Shetty S. Biochemical indicators of dental
caries in saliva: an in vivo study. Caries Res. (2014) 48(2):170–3. doi: 10.1159/
000355580

70. Karthika G, Jogendra Avula SS, Sridevi E, Pranitha K, Sankar KS, Nayak P.
Assessing vitamin E and glutathione peroxidase levels in salivary samples of
children with and without dental caries. J Clin Diagn Res. (2021) 15(6):6–9. doi: 10.
7860/jcdr/2021/47199.14986

71. Lamberts BL, Pruitt KM, Pederson ED, Golding MP. Comparison of salivary
peroxidase system components in caries-free and caries-active naval recruits. Caries
Res. (1984) 18(6):488–94. doi: 10.1159/000260809

72. Mahjoub S, Ghasempour M, Gharage A, Bijani A, Masrourroudsari J.
Comparison of total antioxidant capacity in saliva of children with severe early
childhood caries and caries-free children. Caries Res. (2014) 48(4):271–5. doi: 10.
1159/000355581

73. Mandel ID, Behrman J, Levy R, Weinstein D. The salivary lactoperoxidase
system in caries-resistant and -susceptible adults. J Dent Res. (1983) 62(8):922–5.
doi: 10.1177/00220345830620081501

74. Moncada G, Maureira J, Neira M, Reyes E, Oliveira Junior OB, Faleiros S, et al.
Salivary urease and ADS enzymatic activity as endogenous protection against dental
caries in children. J Clin Pediatr Dent. (2015) 39(4):358–63. doi: 10.17796/1053-
4628-39.4.358

75. Murugeshappa DG, Math SY, Kalra D, Chandrappa PR, Pateel DGS.
Microbial, biochemical & immunological assessment of dental caries. Ann Med
Health Sci Res. (2018) 8(5):336–9. https://www.amhsr.org/articles/microbial-
biochemical–immunological-assessment-of-dental-caries.pdf

76. Nascimento MM, Gordan VV, Garvan CW, Browngardt CM, Burne RA.
Correlations of oral bacterial arginine and urea catabolism with caries experience.
Oral Microbiol Immunol. (2009) 24(2):89–95. doi: 10.1111/j.1399-302X.2008.00477.x

77. Naspitz GM, Nagao AT, Mayer MP, Carneiro-Sampaio MM. Anti-Streptococcus
mutans antibodies in saliva of children with different degrees of dental caries. Pediatr
Allergy Immunol. (1999) 10(2):143–8. doi: 10.1034/j.1399-3038.1999.00026.x

78. Pandey P, Reddy NV, Rao VA, Saxena A, Chaudhary CP. Estimation of salivary
flow rate, pH, buffer capacity, calcium, total protein content and total antioxidant
capacity in relation to dental caries severity, age and gender. Contemp Clin Dent.
(2015) 6(Suppl 1):S65–71. doi: 10.4103/0976-237X.152943

79. Pandey S, Goel M, Nagpal R, Kar A, Rapsang E, Matani P. Evaluation of total
salivary secretory immunoglobulin A and Mutans-specific SIgA among children
having dissimilar caries status. J Contemp Dent Pract. (2018) 19(6):651–5. doi: 10.
5005/jp-journals-10024-2314

80. Parisotto TM, King WF, Duque C, Mattos-Graner RO, Steiner-Oliveira C,
Nobre-Dos-Santos M, et al. Immunological and microbiologic changes during caries
development in young children. Caries Res. (2011) 45(4):377–85. doi: 10.1159/
000330230

81. Patel M, Pujara P. Total antioxidant capacity of saliva and its relationship with
early childhood caries and rampant caries. Int J Sci Res. (2015) 4(7):219–22.

82. Picco DCR, Lopes LM, Rocha Marques M, Line SRP, Parisotto TM, Nobre Dos
Santos M. Children with a higher activity of carbonic anhydrase VI in saliva are more
likely to develop dental caries. Caries Res. (2017) 51(4):394–401. doi: 10.1159/000470849

83. Picco DCR, Marangoni-Lopes L, Parisotto TM, Mattos-Graner R, Nobre-Dos-
Santos M. Activity of carbonic anhydrase VI is higher in dental biofilm of children
with caries. Int J Mol Sci. (2019) 20(11):2673. doi: 10.3390/ijms20112673

84. Prabhakar AR, Shubha AB, Mahantesh T. Estimation of calcium, phosphate and
alpha amylase concentrations in stimulated whole saliva of children with different
caries status: a comparative study. Malays Dent J. (2008) 29(1):6–13.
frontiersin.org

https://doi.org/10.1016/j.envint.2018.07.015
https://doi.org/10.1016/j.archoralbio.2020.104876
https://doi.org/10.1080/13510002.2017.1301625
https://doi.org/10.1080/13510002.2017.1301625
https://doi.org/10.1177/0022034513487907
https://doi.org/10.1111/j.1600-0722.1983.tb00796.x
https://doi.org/10.1111/j.1600-0722.1983.tb00796.x
https://doi.org/10.7860/JCDR/2018/37036.12376
https://doi.org/10.4103/1735-3327.250973
https://doi.org/10.1016/0003-9969(65)90113-5
https://doi.org/10.14295/bds.2013.v16i1.873
https://doi.org/10.5005/jp-journals-10024-1667
https://doi.org/10.1177/00220345830620050701
https://doi.org/10.1177/00220345830620050701
https://doi.org/10.1159/000260107
https://doi.org/10.1590/pboci.2020.131
https://doi.org/10.1016/0003-9969(71)90203-2
https://doi.org/10.1016/0003-9969(71)90203-2
https://doi.org/10.1016/j.archoralbio.2016.05.009
https://doi.org/10.1016/S1079-2104(97)90012-3
https://doi.org/10.1016/S1079-2104(97)90012-3
https://doi.org/10.4317/medoral.18762
https://doi.org/10.5897/JDOH12.011
https://doi.org/10.5897/JDOH12.011
https://doi.org/10.1159/000488213
https://doi.org/10.1177/00220345750540042501
https://doi.org/10.4103/0970-4388.186747
https://doi.org/10.4103/0976-237X.62515
https://doi.org/10.4103/0976-237X.62515
https://doi.org/10.1016/j.archoralbio.2016.03.006
https://doi.org/10.1007/s00784-003-0222-7
https://doi.org/10.1007/s00784-003-0222-7
https://doi.org/10.1590/S1980-65232010000400004
https://doi.org/10.17796/jcpd.33.3.c730518021m56077
https://doi.org/10.4103/0970-9290.116670
https://doi.org/10.4103/2321-4619.111229
https://doi.org/10.1159/000355580
https://doi.org/10.1159/000355580
https://doi.org/10.7860/jcdr/2021/47199.14986
https://doi.org/10.7860/jcdr/2021/47199.14986
https://doi.org/10.1159/000260809
https://doi.org/10.1159/000355581
https://doi.org/10.1159/000355581
https://doi.org/10.1177/00220345830620081501
https://doi.org/10.17796/1053-4628-39.4.358
https://doi.org/10.17796/1053-4628-39.4.358
https://www.amhsr.org/articles/microbial-biochemical--immunological-assessment-of-dental-caries.pdf
https://www.amhsr.org/articles/microbial-biochemical--immunological-assessment-of-dental-caries.pdf
https://doi.org/10.1111/j.1399-302X.2008.00477.x
https://doi.org/10.1034/j.1399-3038.1999.00026.x
https://doi.org/10.4103/0976-237X.152943
https://doi.org/10.5005/jp-journals-10024-2314
https://doi.org/10.5005/jp-journals-10024-2314
https://doi.org/10.1159/000330230
https://doi.org/10.1159/000330230
https://doi.org/10.1159/000470849
https://doi.org/10.3390/ijms20112673
https://doi.org/10.3389/froh.2023.1265817
https://www.frontiersin.org/journals/oral-health
https://www.frontiersin.org/


Silveira et al. 10.3389/froh.2023.1265817
85. Preethi BP, Reshma D, Anand P. Evaluation of flow rate, pH, buffering capacity,
calcium, total proteins and total antioxidant capacity levels of saliva in caries free and
caries active children: an in vivo study. Indian J Clin Biochem. (2010) 25(4):425–8.
doi: 10.1007/s12291-010-0062-6

86. Priya PR, Asokan S, Karthick K, Reddy NV, Rao VA. Effect of dental treatments
on salivary immunoglobulin A of children with and without dental caries: a
comparative study. Indian J Dent Res. (2013) 24(3):394. doi: 10.4103/0970-9290.118004

87. Pyati SA, Naveen Kumar R, Kumar V, Praveen Kumar NH, Parveen Reddy KM.
Salivary flow rate, pH, buffering capacity, total protein, oxidative stress and
antioxidant capacity in children with and without dental caries. J Clin Pediatr Dent.
(2018) 42(6):445–9. doi: 10.17796/1053-4625-42.6.7

88. Ranadheer E, Nayak UA, Reddy NV, Rao VA. The relationship between salivary
IgA levels and dental caries in children. J Indian Soc Pedod Prev Dent. (2011) 29
(2):106–12. doi: 10.4103/0970-4388.84681

89. Rahmani M, Ghorchi V, Rezaei F, Vaisi-Raygani A. Evaluation of total
antioxidant capacity of saliva in high school students. Glob J Health Sci. (2016) 8
(4):89–94. doi: 10.5539/gjhs.v8n4p89

90. Razi MA, Qamar S, Singhal A, Mahajan A, Siddiqui S, Mohina Minz RS. Role of
natural salivary defenses in the maintenance of healthy oral microbiota in children and
adolescents. J Family Med Prim Care. (2020) 9(3):1603–7. doi: 10.4103/jfmpc.jfmpc_
1134_19

91. Reyes E, Martin J, Moncada G, Neira M, Palma P, Gordan V, et al. Caries-free
subjects have high levels of urease and arginine deiminase activity. J Appl Oral Sci.
(2014) 22(3):235–40. doi: 10.1590/1678-775720130591

92. Salman BN, Darvish S, Goriuc A, Mazloomzadeh S, Hossein Poor Tehrani M,
Luchian I. Salivary oxidative stress markers’ relation to oral diseases in children and
adolescents. Antioxidants. (2021) 10(10):1540. doi: 10.3390/antiox10101540

93. Shaki F, Arab-Nozari M, Maleki F, Yazdani Charati J, Nahvi A. Evaluation of
some caries-related factors in the saliva of 3–5 year old children in Sari, Northern
Iran. Int J Pediatr. (2020) 8(4):11115–23. doi: 10.22038/ijp.2019.42952.3598

94. Shifa S, Muthu MS, Amarlal D, Rathna Prabhu V. Quantitative assessment of
IgA levels in the unstimulated whole saliva of caries-free and caries-active children.
J Indian Soc Pedod Prev Dent. (2008) 26(4):158–61. doi: 10.4103/0970-4388.44031

95. ShuM,Morou-BermudezE,Suárez-PérezE,Rivera-MirandaC,BrowngardtCM,Chen
YY, et al.The relationship betweendental caries status anddental plaqueurease activity.Oral
Microbiol Immunol. (2007) 22(1):61–6. doi: 10.1111/j.1399-302X.2007.00325.x

96. Silva PVD, Troiano JA, Nakamune ACMS, Pessan JP, Antoniali C. Increased
activity of the antioxidants systems modulate the oxidative stress in saliva of
toddlers with early childhood caries. Arch Oral Biol. (2016) 70:62–6. doi: 10.1016/j.
archoralbio.2016.06.003

97. Singh S, Sharma A, Sood PB, Sood A, Zaidi I, Sinha A. Saliva as a prediction tool
for dental caries: an in vivo study. J Oral Biol Craniofac Res. (2015) 5(2):59–64. doi: 10.
1016/j.jobcr.2015.05.001

98. Sousa ET, Lima-Holanda AT, Nobre-Dos-Santos M. Carbonic anhydrase VI
activity in saliva and biofilm can predict early childhood caries: a preliminary study.
Int J Paediatr Dent. (2020) 31(3):361–71. doi: 10.1111/ipd.12717

99. Stuchell RN, Mandel ID. Studies of secretory IgA in caries-resistant and caries-
susceptibleadults.AdvExpMedBiol. (1978) 107:341–8. doi: 10.1007/978-1-4684-3369-2_39

100. Szkaradkiewicz-Karpinska AK, Sak M, Goslinska-Kuzniarek O, Sokalski J,
Szkaradkiewicz J. Human salivary acidic proline-rich proteins (APRP-1/2) in adult
patients with dental caries. Dentistry. (2017) 7(6):437. doi: 10.4172/2161-1122.1000437

101. Tao R, Jurevic RJ, CoultonKK, TsutsuiMT, RobertsMC,Kimball JR, et al. Salivary
antimicrobial peptide expression and dental caries experience in children. Antimicrob
Agents Chemother. (2005) 49(9):3883–8. doi: 10.1128/AAC.49.9.3883-3888.2005

102. Thaweboon S, Thaweboon B, Nakornchai S, Jitmaitree S. Salivary secretory IgA,
pH, flow rates, mutans streptococci and Candida in children with rampant caries.
Southeast Asian J Trop Med Public Health. (2008) 39(5):893–9.

103. Toomarian L, Sattari M, Hashemi N, Tadayon N, Akbarzadeh Baghban A.
Comparison of neutrophil apoptosis, α-defensins and calprotectin in children with
and without severe early childhood caries. Iran J Immunol. (2011) 8(1):11–9.

104. Van Wuyckhuyse BC, Perinpanayagam HE, Bevacqua D, Raubertas RF, Billings
RJ, Bowen WH, et al. Association of free arginine and lysine concentrations in human
parotid saliva with caries experience. J Dent Res. (1995) 74(2):66–90.

105. Yang Y, Li Y, Lin Y, Du M, Zhang P, Fan M. Comparison of immunological
and microbiological characteristics in children and the elderly with or without
dental caries. Eur J Oral Sci. (2015) 123(2):80–7. doi: 10.1111/eos.12172

106. Yang TY, Zhou WJ, Du Y, Wu ST, Yuan WW, Yu Y, et al. Role of saliva
proteinase 3 in dental caries. Int J Oral Sci. (2015)7(3):174–8.

107. Ahmad A, Kumar D, Singh A, Anand S, Agarwal N, Ahmad R. A comparative
quantitative assessment of salivary IgA and alpha amylase in caries free and caries
active children. J Clin Pediatr Dent. (2021) 45(5):323–9. doi: 10.17796/1053-4625-
45.5.6

108. Douglas CW. The binding of human salivary alpha-amylase by oral strains of
streptococcal bacteria. Arch Oral Biol. (1983) 28(7):567–73. doi: 10.1016/0003-9969
(83)90003-1
Frontiers in Oral Health 15
109. Rogers JD, Palmer RJ Jr, Kolenbrander PE, Scannapieco FA. Role of
Streptococcus gordonii amylase-binding protein A in adhesion to hydroxyapatite,
starch metabolism, and biofilm formation. Infect Immun. (2001) 69(11):7046–56.
doi: 10.1128/IAI.69.11.7046-7056.2001

110. Scannapieco FA, Torres G, Levine MJ. Salivary alpha-amylase: role in dental
plaque and caries formation. Crit Rev Oral Biol Med. (1993) 4(3-4):301–7. doi: 10.
1177/10454411930040030701

111. Pani SC. The relationship between salivary total antioxidant capacity and dental
caries in children: a meta-analysis with assessment of moderators. J Int Soc Prev
Community Dent. (2018) 8(5):381–5. doi: 10.4103/jispcd.JISPCD_203_18

112. Cağlayan F, Miloglu O, Altun O, Erel O, Yilmaz AB. Oxidative stress and
myeloperoxidase levels in saliva of patients with recurrent aphthous stomatitis. Oral
Dis. (2008) 14(8):700–4. doi: 10.1111/j.1601-0825.2008.01466.x

113. Wang K, Wang X, Zheng S, Niu Y, Zheng W, Qin X, et al. iTRAQ-based
quantitative analysis of age-specific variations in salivary proteome of caries-
susceptible individuals. J Transl Med. (2018) 16(1):293. doi: 10.1186/s12967-018-1669-2

114. Wang K, Wang Y, Wang X, Ren Q, Han S, Ding L, et al. Comparative salivary
proteomics analysis of children with and without dental caries using the iTRAQ/MRM
approach. J Transl Med. (2018) 16(1):11. doi: 10.1186/s12967-018-1388-8

115. Bijle MNA, Yiu CKY, Ekambaram M. Can oral ADS activity or arginine levels
be a caries risk indicator? A systematic review and meta-analysis. Clin Oral Investig.
(2018) 22(2):583–96. doi: 10.1007/s00784-017-2322-9

116. Korkmaz B, Horwitz MS, Jenne DE, Gauthier F. Neutrophil elastase, proteinase
3, and cathepsin G as therapeutic targets in human diseases. Pharmacol Rev. (2010) 62
(4):726–59. doi: 10.1124/pr.110.002733

117. Baici A, Szedlacsek SE, Früh H, Michel BA. pH-dependent hysteretic behaviour
of human myeloblastin (leucocyte proteinase 3). Biochem J. (1996) 317 (Pt 3):901–5.
doi: 10.1042/bj3170901

118. Prabhakar AR, Dodawad R, Raju OS. Evaluation of flow rate, pH, buffering
capacity, calcium, total protein and total antioxidant levels of saliva in caries free
and caries active children—an in vivo study. Int J Clin Pediatr Dent. (2009) 2
(1):9–12. doi: 10.5005/jp-journals-10005-1034

119. Brinkmann V, Reichard U, Goosmann C, Fauler B, Uhlemann Y, Weiss DS,
et al. Neutrophil extracellular traps kill bacteria. Science. (2004) 303(5663):1532–5.
doi: 10.1126/science.1092385

120. Sørensen OE, Follin P, Johnsen AH, Calafat J, Tjabringa GS, Hiemstra PS, et al.
Human cathelicidin, hCAP-18, is processed to the antimicrobial peptide LL-37 by
extracellular cleavage with proteinase 3. Blood. (2001) 97(12):3951–9. doi: 10.1182/
blood.V97.12.3951

121. Belda-Ferre P, Williamson J, Simón-Soro Á, Artacho A, Jensen ON, Mira A.
The human oral metaproteome reveals potential biomarkers for caries disease.
Proteomics. (2015) 15(20):3497–507. doi: 10.1002/pmic.201400600

122. Chen W, Jiang Q, Yan G, Yang D. The oral microbiome and salivary proteins
influence caries in children aged 6–8 years. BMC Oral Health. (2020) 20(1):295.
doi: 10.1186/s12903-020-01262-9

123. Humphrey SP, Williamson RT. A review of saliva: normal composition, flow,
and function. J Prosthet Dent. (2001) 85(2):162–9. doi: 10.1067/mpr.2001.113778

124. Amado FM, Vitorino RM, Domingues PM, Lobo MJ, Duarte JA. Analysis of
the human saliva proteome. Expert Rev Proteomics. (2005) 2(4):521–39. doi: 10.
1586/14789450.2.4.521

125. Van Nieuw Amerongen A, Bolscher JG, Veerman EC. Salivary proteins: protective
and diagnostic value in cariology?Caries Res. (2004) 38(3):247–53. doi: 10.1159/000077762

126. Carpenter GH. The secretion, components, and properties of saliva. Annu Rev
Food Sci Technol. (2013) 4:267–76. doi: 10.1146/annurev-food-030212-182700

127. Frenkel ES, Ribbeck K. Salivary mucins protect surfaces from colonization by
cariogenic bacteria. Appl Environ Microbiol. (2015) 81(1):332–8. doi: 10.1128/AEM.
02573-14

128. Frenkel ES, Ribbeck K. Salivary mucins in host defense and disease prevention.
J Oral Microbiol. (2015) 7:29759.

129. Frenkel ES, Ribbeck K. Suspensions of purified human MUC5B at
physiological. Salivary mucins protect surfaces from colonization by cariogenic
bacteria. Appl Environ Microbiol. (2015) 81:332–8. doi: 10.1128/AEM.02573-14

130. Frenkel ES, Ribbeck K. Salivary mucins promote the coexistence of competing
oral bacterial species. ISME J. (2017) 11(5):1286–90. doi: 10.1038/ismej.2016.200

131. Wei GX, Campagna AN, Bobek LA. Effect of MUC7 peptides on the growth of
bacteria and on Streptococcus mutans biofilm. J Antimicrob Chemother. (2006) 57
(6):1100–9. doi: 10.1093/jac/dkl120

132. Corralo DJ, Ev LD, Damé-Teixeira N, Maltz M, Arthur RA, Do T, et al.
Functionally active microbiome in supragingival biofilms in health and caries.
Caries Res. (2021) 55(6):603–16. doi: 10.1159/000518963

133. Childers NK, Greenleaf C, Li F, Dasanayake AP, Powell WD, Michalek SM.
Effect of age on immunoglobulin A subclass distribution in human parotid saliva.
Oral Microbiol Immunol. (2003) 18(5):298–301. doi: 10.1034/j.1399-302X.2003.
00084.x
frontiersin.org

https://doi.org/10.1007/s12291-010-0062-6
https://doi.org/10.4103/0970-9290.118004
https://doi.org/10.17796/1053-4625-42.6.7
https://doi.org/10.4103/0970-4388.84681
https://doi.org/10.5539/gjhs.v8n4p89
https://doi.org/10.4103/jfmpc.jfmpc_1134_19
https://doi.org/10.4103/jfmpc.jfmpc_1134_19
https://doi.org/10.1590/1678-775720130591
https://doi.org/10.3390/antiox10101540
https://doi.org/10.22038/ijp.2019.42952.3598
https://doi.org/10.4103/0970-4388.44031
https://doi.org/10.1111/j.1399-302X.2007.00325.x
https://doi.org/10.1016/j.archoralbio.2016.06.003
https://doi.org/10.1016/j.archoralbio.2016.06.003
https://doi.org/10.1016/j.jobcr.2015.05.001
https://doi.org/10.1016/j.jobcr.2015.05.001
https://doi.org/10.1111/ipd.12717
https://doi.org/10.1007/978-1-4684-3369-2_39
https://doi.org/10.4172/2161-1122.1000437
https://doi.org/10.1128/AAC.49.9.3883-3888.2005
https://doi.org/10.1111/eos.12172
https://doi.org/10.17796/1053-4625-45.5.6
https://doi.org/10.17796/1053-4625-45.5.6
https://doi.org/10.1016/0003-9969(83)90003-1
https://doi.org/10.1016/0003-9969(83)90003-1
https://doi.org/10.1128/IAI.69.11.7046-7056.2001
https://doi.org/10.1177/10454411930040030701
https://doi.org/10.1177/10454411930040030701
https://doi.org/10.4103/jispcd.JISPCD_203_18
https://doi.org/10.1111/j.1601-0825.2008.01466.x
https://doi.org/10.1186/s12967-018-1669-2
https://doi.org/10.1186/s12967-018-1388-8
https://doi.org/10.1007/s00784-017-2322-9
https://doi.org/10.1124/pr.110.002733
https://doi.org/10.1042/bj3170901
https://doi.org/10.5005/jp-journals-10005-1034
https://doi.org/10.1126/science.1092385
https://doi.org/10.1182/blood.V97.12.3951
https://doi.org/10.1182/blood.V97.12.3951
https://doi.org/10.1002/pmic.201400600
https://doi.org/10.1186/s12903-020-01262-9
https://doi.org/10.1067/mpr.2001.113778
https://doi.org/10.1586/14789450.2.4.521
https://doi.org/10.1586/14789450.2.4.521
https://doi.org/10.1159/000077762
https://doi.org/10.1146/annurev-food-030212-182700
https://doi.org/10.1128/AEM.02573-14
https://doi.org/10.1128/AEM.02573-14
https://doi.org/10.1128/AEM.02573-14
https://doi.org/10.1038/ismej.2016.200
https://doi.org/10.1093/jac/dkl120
https://doi.org/10.1159/000518963
https://doi.org/10.1034/j.1399-302X.2003.00084.x
https://doi.org/10.1034/j.1399-302X.2003.00084.x
https://doi.org/10.3389/froh.2023.1265817
https://www.frontiersin.org/journals/oral-health
https://www.frontiersin.org/


Silveira et al. 10.3389/froh.2023.1265817
134. Rudney JD, Smith QT. Relationships between levels of lysozyme, lactoferrin,
salivary peroxidase, and secretory immunoglobulin A in stimulated parotid saliva.
Infect Immun. (1985) 49(3):469–75. doi: 10.1128/iai.49.3.469-475.1985

135. Ribeiro TR, Dria KJ, de Carvalho CB, Monteiro AJ, Fonteles MC, de Moraes
Carvalho K, et al. Salivary peptide profile and its association with early childhood
caries. Int J Paediatr Dent. (2012) 23(3):225–34. doi: 10.1111/j.1365-263X.2012.01258.x

136. Austin SB, Rosario M, McLaughlin KA, Roberts AL, Sarda V, Yu K, et al. Sexual
orientation and salivary alpha-amylase diurnal rhythms in a cohort of U.S. young adults.
Psychoneuroendocrinology. (2018) 97:78–85. doi: 10.1016/j.psyneuen.2018.07.006

137. Hemadi AS, Huang R, Zhou Y, Zou J. Salivary proteins and microbiota as
biomarkers for early childhood caries risk assessment. Int J Oral Sci. (2017) 9(11):
e1. doi: 10.1038/ijos.2017.35
Frontiers in Oral Health 16
138. Inoue H, Ono K, Masuda W, Morimoto Y, Tanaka T, Yokota M, et al. Gender
difference in unstimulated whole saliva flow rate and salivary gland sizes. Arch Oral
Biol. (2006) 51(12):1055–60. doi: 10.1016/j.archoralbio.2006.06.010

139. Fonteles CS, Guerra MH, Ribeiro TR, Mendonça DN, de Carvalho CB,
Monteiro AJ, et al. Association of free amino acids with caries experience and
mutans streptococci levels in whole saliva of children with early childhood caries.
Arch Oral Biol. (2009) 54(1):80–5. doi: 10.1016/j.archoralbio.2008.07.011

140. Mathew A, Mn P, Menon PK, Radeideh A, Varma S, Thomas S, et al. A clinical
study on the circadian rhythm of salivary cortisol on aggressive periodontitis and its
correlation with clinical parameters using electrochemiluminescence immunoassay
method. J Contemp Dent Pract. (2019) 20(4):482–8. doi: 10.5005/jp-journals-10024-
2543
frontiersin.org

https://doi.org/10.1128/iai.49.3.469-475.1985
https://doi.org/10.1111/j.1365-263X.2012.01258.x
https://doi.org/10.1016/j.psyneuen.2018.07.006
https://doi.org/10.1038/ijos.2017.35
https://doi.org/10.1016/j.archoralbio.2006.06.010
https://doi.org/10.1016/j.archoralbio.2008.07.011
https://doi.org/10.5005/jp-journals-10024-2543
https://doi.org/10.5005/jp-journals-10024-2543
https://doi.org/10.3389/froh.2023.1265817
https://www.frontiersin.org/journals/oral-health
https://www.frontiersin.org/

	Comparison of oral cavity protein abundance among caries-free and caries-affected individuals—a systematic review and meta-analysis
	Introduction
	Methods
	Study protocol
	Review question and PCO strategy
	Search strategy and study selection
	Article selection process and eligibility criteria
	Data extraction
	Assessing the methodological quality of individual studies
	Synthesis of evidence

	Results
	Selection of studies
	Characteristics of the included studies
	Qualitative synthesis
	Quantitative synthesis
	Methodological quality of individual studies

	Discussion
	Conclusion
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	Supplementary material
	References


